It is often suggested that requiring juries to reach a unanimous verdict reduces the probability of convicting an innocent defendant while increasing the probability of acquitting a guilty defendant. We construct a model that demonstrates how strategic voting by jurors undermines this basic intuition. We show that unanimity rule may lead to high probabilities of both kinds of errors and that the probability of convicting an innocent may actually increase with the size of the jury. Finally, we demonstrate that a wide variety of voting rules, including simple majority rule, lead to much lower probabilities of both kinds of errors.
Introduction and Literature Review
It is often suggested that requiring juries to reach a unanimous verdict reduces the probability of convicting an innocent defendant while increasing the probability of acquitting a guilty defendant. We construct a model that demonstrates how strategic voting by jurors undermines this basic intuition. We show that unanimity rule may lead to high probabilities of both kinds of errors and that the probability of convicting an innocent may actually increase with the size of the jury. Finally, we demonstrate that a wide variety of ¤ We thank Roger Myerson for providing the argument given in Appendix A. Calculations were done using Scienti…c Workplace.
voting rules, including simple majority rule, lead to much lower probabilities of both kinds of errors.
There is a large literature on juries and jury decision making. 1 One of the central arguments for juries is that a group will make a better decision than an individual. 2 This is the central argument developed in the literature on Condorcet's jury theorem. 3 The jury theorem literature formalizes jury decision making by assuming that jurors possess both public and private information e.g., about the guilt or innocence of the defendant. The public information comes from the fact that all jurors observe the same evidence presented at the trial. The formalization that jurors have private information captures the fact that jurors interpret evidence di¤erently by virtue of di¤erent life experiences and competencies. While jurors possess private information, all are assumed to prefer to acquit innocent defendants and convict guilty ones. Since no juror knows with certainty if the defendant is guilty or innocent, jury decisions made by voting aggregate both the public and private information. Thus, juries reach a better result than any individual.
Until recently, the literature on voting by juries has assumed that jurors will vote to convict or acquit without taking into account how the other jurors are voting. We call such behavior sincere voting. Several recent papers have challenged this assumption and demonstrated that the use of voting rules creates an incentive for jurors to vote strategically. 4 The incentive to vote strategically arises because a juror's vote only matters when a vote is pivotal and because the information possessed by other jurors is relevant for a juror's decision. For example, under the unanimity rule a vote is pivotal only when all the other jurors have voted to convict. The fact that all the other jurors have voted to convict reveals additional relevant information about the guilt of the defendant: it reveals, at least in part, the other jurors' private information. Such information may overwhelm the juror's private assessment of the case and cause a juror otherwise inclined to vote for acquittal to vote for conviction instead.
In this paper we examine the implications of strategic voting by jurors 1 and demonstrate that basic intuitions about the consequences of di¤erent jury decision rules derived from the assumption that jurors will vote sincerely may be dramatically wrong. Below we construct a model of jury decision making which incorporates private information and strategic voting. We show that the requirement of a unanimous verdict to convict may actually result in a signi…cantly higher probability of convicting an innocent defendant than, e.g., simple majority rule. We conclude the paper with few brief remarks on the implications of our results for jury reform.
Model
We assume there are n jurors who decide the fate of a defendant using a voting rule. In order to make things simple we assume there are two states of the world: the defendant is either guilty or innocent. 5 We denote the state of the world in which the defendant is guilty by G and innocent by I: We assume that each state occurs with equal probability. 6 A voting rule is described by a thresholdk such that the defendant will be convicted if and only if the number of jurors that vote to convict is greater than or equal tok: Thus ifk = n a unanimous verdict is required to convict, whereas, if k = n+1 2
; then a conviction is obtained by a simple majority vote. There are two possible outcomes of the jury's vote: either the defendant is convicted, denoted C; or he is acquitted, denoted A:
Jurors do not know for sure if the defendant is guilty or innocent. We assume that each juror gets a signal g or i that is correlated with the true state. The parameter p 2 (:5; 1) is the probability that juror receives signal j in state J: 7 We assume that the signal is private information. This assumption implies that communication between jurors is limited. Given that juries observe the same facts at trial and engage in deliberation prior to taking the …nal vote it may seem inappropriate to assume that jurors have private information. However, there are multiple impediments standing in the way of complete disclosure of private information through the delibera- 5 Feddersen and Pesendorfer (1996b, 1996c) generalize the simple two state model to multiple states. Adding additional states will not fundamentally alter our results. 6 This assumption can be easily relaxed without signi…cantly changing our results. 7 The assumption that the probability of recieving signal i in state I is identical to the probability of receiving signal g in state G is can be relaxed without signi…cantly changing our results. tion process. For example, some jurors may have technical knowledge that is relevant for the decision but which cannot be fully communicated in the limited amount of time practically available. Jurors may also have di¤erent standards of guilt and innocence i.e., di¤erent preferences over the outcomes. Di¤erent preferences will make the sharing of all information very di¢cult if not impossible. Of course, if there is no private information and no preference diversity then all voting rules will produce the same outcome and the voting rule is unimportant.
Each juror must choose how to vote based on her private signal. The standard assumption is that jurors will vote sincerely. A juror votes sincerely by voting to convict if she receives a guilty signal and voting to acquit otherwise.
A compelling argument for the requirement of a unanimous verdict, (k = n), is that it lowers the probability of convicting an innocent defendant. It is thought that the additional protection of the innocent comes at the expense of acquitting the guilty and that such a trade-o¤ is appropriate. This argument has merit if jurors vote sincerely. When a unanimous decision is required to convict and when jurors vote sincerely the probability of convicting an innocent defendant is minimized. 8 The trouble with intuitions derived from sincere voting is that sincere voting may not be rational. Suppose all jurors have preferences which are given by u(A; I) = u(C; G) = 0; u(C; I) = ¡q and u(A; G) = ¡(1 ¡ q) where q 2 (0; 1): If a guilty defendant is convicted or an innocent defendant is acquitted then each juror's payo¤ is zero. If an innocent defendant is convicted then the jurors' payo¤ is ¡q whereas if a guilty defendant is acquitted then the juror's payo¤ is ¡(1 ¡ q): The parameter q exactly characterizes what constitutes reasonable doubt for the jurors. A juror who believes the defendant is guilty with probability higher than q will prefer the defendant to be convicted. The larger the value of q the less concern jurors have for acquitting a guilty defendant relative to convicting an innocent. We assume that jurors employ the same standard of reasonable doubt, i.e., q is identical for all jurors. This assumption is made purely for technical convenience. Our 8 The probability an innocent defendant is convicted under unanimity rule given sincere voting is (1¡p) n . It is easy to see that this probability is smaller than P n j=k ¡ n j ¢ (1¡p) j p n¡j ; the probability of convicting an innocent defendant under any rule that requires only k out of n votes to convict. The probability of acquitting a guilty defendant is strictly higher under unanimity rule. This probability is 1 ¡ p n which is strictly larger than the probability
using any other rule.
results generalize to the case in which jurors preferences are represented by di¤erent values of q.
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Each juror must vote either to convict (C) or acquit (A): Given the voting rulek; a juror's behavior can be described by a strategy, ¾ : fg; ig ! [0; 1]; that maps the set of signals into a probability of voting to convict, ¾(s).
Let¯(k; n) denote the posterior probability that the defendant is guilty conditional on k of n guilty signals (and, therefore, n ¡ k signals i):
If¯(k; n) > q then, given all the information available to the jury, the defendant is guilty beyond a reasonable doubt. Therefore, the optimal outcome from the jurors' point of view is to convict. Similarly, if¯(k; n) < q then the optimal outcome for the jurors is to acquit. We assume that there is a k
This assumption implies that if the jurors know that all received the guilty signal then they always want to convict the defendant. On the other hand, if the jurors believe that everyone has received an innocent signal they always want to acquit. As has been shown in the literature cited above, jurors may have an incentive to behave strategically. Therefore, the natural benchmark to use when evaluating the performance of various voting rules is Nash equilibrium. We de…ne a voting equilibrium as a symmetric Nash equilibrium. 10 Under any voting rule there is a voting equilibrium in which all jurors vote the same way independent of their signal. Since no juror can in ‡uence the outcome this is always an equilibrium.
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In the following we will ignore 9 See Feddersen and Pesendorfer (1994, 1996a and b) for examples of strategic voting under preference diversity. 10 A symmetric strategy pro…le is one in which all jurors who receive the same signal take the same (possibly mixed) action.
Even when the unanimity rule is used the pro…le in which all jurors vote to acquit regardless of their signal is a voting equilibrium. Ruling out weakly dominated strategies does not eliminate this equilibrium. This equilibrium is even trembling hand perfect if p < q: Note that in this case a single juror, if he is pivotal, and if he has no information about the other jurors' signals would vote to acquit. On the other hand, if p > q; then the equilibrium where all jurors always vote to acquit is not trembling hand perfect. such equilibria and instead focus on voting equilibria where jurors sometimes change their vote as a function of their private information. We call such equilibria responsive.
Unanimity
In this section we examine voting equilibria under the unanimity rule, i.e., k = n:
First consider the case where k ¤ = n: Thus¯(n ¡ 1; n) · q and¯(n; n) > q. In this case sincere voting is a voting equilibrium under unanimity rule. To see this suppose that all jurors vote to convict if and only if they receive the signal g: If a juror is pivotal and receives the signal i then he knows that n¡1 of n jurors received the signal g: Therefore, he believes that the defendant is guilty with probability¯(n ¡ 1; n) · q; i.e., not guilty beyond a reasonable doubt, and hence he (weakly) prefers that the defendant is acquitted. Thus a vote A is optimal. Conversely, if the juror receives the signal g then he believes that the defendant is guilty with probability¯(n; n) > q and hence he prefers that the defendant is convicted. Thus if the preferences of the jurors are such that their threshold q is larger than¯(n ¡ 1; n) then the standard intuition is correct and the unanimity rule minimizes the probability that an innocent defendant is convicted.
In the following we will focus on the case wherē
This assumption says that if a juror could observe all the signals and if n ¡ 1 of the n signals are g; the juror prefers to convict the defendant. We believe that this is a weak assumption which is satis…ed in a large fraction of juries. Furthermore, for any …xed q there is an ¹ n such that (1) is true for any n > ¹ n.
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Suppose that (1) is satis…ed and a juror believes that the other jurors are voting sincerely. How should such a juror vote? Recent papers by Feddersen and Pesendorfer (1994,1996a) and Austen-Smith and Banks (1996) have demonstrated that a rational juror will condition her vote not only on her private information but also on what she believes others must know in the event her vote is pivotal. Under unanimity rule a vote is pivotal only when 12 To see this observe that¯(n ¡ 1; n) =
all the other jurors have voted to convict. A juror who receives an innocent signal and believes that the other jurors are voting sincerely must believe that the probability the defendant is guilty is exactly¯(n ¡ 1; n): But sincē (n¡ 1; n) > q such a juror will ignore her private signal and vote to convict. Therefore, if (1) holds sincere voting cannot be a Nash equilibrium.
Given that sincere voting is not an equilibrium, any responsive voting equilibrium must be in mixed strategies. More precisely, each juror must both vote to convict and vote to acquit with positive probability whenever she receives a signal i. When the juror receives the signal g she votes to convict with probability 1:
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We de…ne such a responsive voting equilibrium by the probability that a juror with signal i votes to convict, i.e., ¾ i 2 (0; 1): Given ¾ i ; the probability that a juror votes to convict if the defendant is guilty is given by
whereas the probability that a juror votes to convict if the defendant is innocent is given by
For a mixed strategy pro…le to be an equilibrium, a juror who receives an innocent signal must be indi¤erent between voting to acquit and voting to convict. This occurs when, conditional on n ¡ 1 others voting guilty and the juror receiving signal i, the probability that the defendant is guilty is exactly equal to q: By Bayes' law we get the following equilibrium condition for unanimity rule
Therefore, we have that 13 It is straightforward to verify that there are no mixed strategy equilibria in which jurors who get the signal g vote with positive probability to acquit. In order to support such a mixed strategy equilibrium it is necessary that those who receive a guilty signal are indi¤erent between convicting and acquitting given their vote is pivotal. In such a case those who receive an innocent signal strictly prefer to acquit. But then the only jurors who vote to convict are those who receive the guilty signal. Under unanimity a vote is only pivotal when all others vote guilty. Thus, such a strategy pro…le is not a Nash equilibrium by the same argument as was used to show sincere voting is not an equilibrium.
Since ¾ i is a mixed strategy it must be that ¾ i · 1: Examining equation (3) we see that this is satis…ed as long as q¸1 ¡ p. If q < 1 ¡ p then there does not exist a responsive voting equilibrium. Instead, if q < 1 ¡ p the voting equilibrium is
Thus, if q < 1 ¡ p then jurors vote to convict independent of the signal.
14 To see why this is the equilibrium note that in this equilibrium the fact that another juror voted to convict does not provide any information about the guilt of the defendant. Thus, a juror who receives the signal i believes that the defendant is guilty with probability 1 ¡ p conditional on his vote being pivotal: Since the juror favors conviction of the defendant if he is guilty with probability 1 ¡ p > q; it follows that ¾ i = 1 in this case.
To understand why there cannot be a responsive equilibrium in this case note that (in equilibrium) a guilty vote of some other juror can never be information in favor of the innocence of the defendant. Hence, conditional on his vote being pivotal, each juror must believe the defendant to be guilty with probability at least 1 ¡ p if he receives the signal i and hence each juror must vote to convict even if he receives the signal i:
Now, it is fairly straightforward to compute the probability of making each type of error in equilibrium. When q¸1 ¡ p the probability that an innocent defendant is convicted is given by:
and the probability of acquitting a guilty defendant is:
As we argued above there is another (non-responsive) symmetric Nash equilibrium in which all jurors vote to aquit independent of their signal. However, for q < 1 ¡ p < p this equilibrium is not trembling hand perfect. In contrast, the equilibrium in which all jurors vote to convict independent of their signal is trembling hand perfect for q < 1 ¡ p:
When q < 1 ¡ p then all defendants are convicted and hence the probability of convicting an innocent defendant is one and the probability of acquitting a guilty defendant is zero.
We summarize our …ndings in the following proposition.
Proposition 1 If q¸1 ¡ p the unique responsive voting equilibrium for unanimity rule is given by (3): Moreover, ¾ i ! 1 as n ! 1 and
If q < 1 ¡ p then there is a voting equilibrium given by (4) and l I (p; q; n) = 1; l G (p; q; n) = 0:
Proof. We demonstrated in the text above that the unique responsive voting equilibrium under unanimity rule is given by (3) . In appendix A we show that
The proof that lim n!1 l G (p; q; n) = 1 ¡
is analogous. The results in Proposition 1 present a stark contrast to the results under sincere voting. In a voting equilibrium the probability of convicting an innocent defendant, l I (p; q; n); stays bounded away from zero for all n. Similarly, the probability of acquitting a guilty defendant also stays bounded away from zero. In the event that q < 1 ¡ p all defendants are convicted regardless of the probability of their guilt or innocence. This is true independent of the size of the jury.
Proposition 1 also implies that the probability that a guilty defendant is convicted (1¡l G ) is bounded away from zero for all n: This is again in contrast to the case of sincere voting where the probability of conviction converges to zero as n ! 0 independent of whether the defendant is guilty or innocent.
15 15 Note however, that under sincere voting the probability of convicting an innocent defendant conditional on a conviction converges to zero. As Proposition 1 shows this is not the case for voting equilibria.
Thus, a second implication of strategic voting is that the probability of a guilty verdict is much larger than under sincere voting.
To provide an intuition for Proposition 1 …rst observe that Equation (3) implies that ¾ i ! 1 as n ! 1: As a consequence g G (the probability that a juror votes to convict if the defendant is guilty) and g I (the probability that a juror votes to convict if the defendant is innocent) both converge to one. This is not enough to show that the probability of convicting an innocent defendant, (g I ) n ; stays bounded away from zero. In Appendix A we demonstrate that for large n; g I can be approximated by
and hence (g I ) n converges to f p 2p¡1 which is the bound given in Proposition 1.
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The convergence to the bounds given in Proposition 1 is fast and hence the limit formula allows us to approximate the probabilities of each kind of error even for small juries. 1 is quite startling for several reasons. First, the limit probability of convicting an innocent defendant is quite large at 22%. Second, when there are only 12 jurors the probability of convicting an innocent is 21%. There is only a 1% di¤erence between the probability of convicting an innocent defendant with a jury size of n¸12 and the limit probability. Third, the 16 Recall that e x = lim n!1 (1 +
probability of convicting an innocent defendant is increasing in the size of the jury. Figure 2 shows the probability of acquitting a guilty defendant for the values p = 0:7; q = 0:5: The limit probability of acquitting a guilty defendant is 47%. Once again the limit probability is a very good estimate of the actual probability of this type of mistake even for small juries. Note that the probability of acquitting a guilty defendant is actually decreasing in the size of the jury.
The assumption that q = :5 in the above examples may seem unreasonable. It implies that jurors are very willing to convict. Indeed, they are willing to convict if they believe the defendant is more likely guilty than innocent. We certainly hope that jurors would have a higher threshold of reasonable doubt than q = :5; however, the rationale for the unanimity rule is to protect innocent defendants from such unreasonable juries. Figure 3 shows the limit errors l I (p; q) = lim n!1 l I (p; q; n) and l G (p; q) = lim n!1 l G (p; q; n) for the value p = 0:7 as a function of q: demonstrates that for large juries the probability of convicting an innocent is decreasing in q while the probability of acquitting a guilty defendant is increasing in q. Thus, the unanimity rule does a poor job in protecting innocent defendants from unreasonable juries. While, if the jury is responsible (e.g., q = :9), the innocent defendant is protected at the cost of a high probability of acquitting the guilty. In the next section we show that unanimity rule is a uniquely bad voting rule in terms of the probabilities of both kinds of errors it induces.
Non-unanimous rules
To compare the unanimity rule to other voting rules we must compute the voting equilibrium for general rulesk: In Appendix B we compute the responsive voting equilibrium for all n;k: This allows us to compute the probabilities of convicting an innocent defendant, l I (p; q; n;k); and the probability of acquitting a guilty defendant, l G (p; q; n;k) as a function of the rulek:
We use these results to investigate a particular class of rules: Consider the rule which requiresk = ®n votes to convict where 0 < ® < 1: (In the following we always assume that ®n is an integer.) Thus, it takes an ® fraction of jurors to convict the defendant. For a …xed ® consider a sequence of voting equilibria corresponding to an increasing jury. In the following proposition we show that as n ! 1 the probability of making either of the two kinds of error converges to zero.
Proposition 2 Fix any ® with 0 < ® < 1: (1) There is a n 0 such that for n > n 0 there is a responsive voting equilibrium. (2) For any sequence of responsive voting equilibria the probability of convicting an innocent defendant, l I (p; q; n; ®n); and the probability of acquitting a guilty defendant, l G (p; q; n; ®n) both converge to zero.
Proof. See Appendix B.
Proposition 2 holds in much more general environments. Feddersen and Pesendorfer (1994) prove the analogous result for an environment that includes preference diversity and a much broader range of information environments. Myerson (1995) proves a similar result for the case of simple majority rule.
Proposition 2 shows that for any ® 2 (0; 1) the probability of convicting an innocent defendant converges to zero and the probability of acquitting a guilty defendant converges to zero for large juries. This is in sharp contrast to the result of Proposition 1 where it was shown that both types of mistakes stay bounded away from zero for the unanimity rule. What accounts for this di¤erence?
As we noted above, under the unanimity rule the probability that a juror votes to convict converges to one independent of the signal. This can never happen for the rules considered in Proposition 2. Consider a pro…le with ¾ g = 1 and suppose ¾ i ! 1: If a juror is pivotal it must be that an ®¡fraction of the remaining jurors have voted to acquit. A vote to acquit occurs with probability p(1 ¡ ¾ i ) if the defendant is innocent and with probability (1 ¡ p)(1 ¡ ¾ i ) if the defendant is guilty. If ¾ i is close to one it is very unlikely that an ®¡fraction jurors votes to acquit both when the defendant is guilty and when the defendant is innocent. However, for large n, since
> 1 it is much more likely that an ®¡fraction of jurors voted to acquit if the defendant is innocent than if the defendant is guilty.
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For large n the juror must therefore conclude that being pivotal implies that the defendant is innocent with probability arbitrarily close to one. Since q < 1 the juror therefore has a strict preference for voting to acquit. Hence ¾ i must be zero and we have a contradiction to ¾ i ! 1: Thus we have demonstrated that ¾ i must stay bounded away from one. (An analogous argument shows that ¾ g must stay bounded away from zero.) As a consequence, even in the limit as n ! 1, a juror is more likely to vote to convict if the defendant is guilty than if the defendant is innocent. In the appendix we demonstrate that the 17 The ratio of these two conditional probabilities is approximately ³ p 1¡p´® n which converges to in…nity as n ! 1: expected fraction of guilty votes must be smaller than ® if the defendant is innocent and larger than ® if the defendant is guilty. This implies that both l I and l G converge to zero since for large n the actual fraction of guilty votes converges in probability to the expected fraction of guilty votes.
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Propositions 1 and 2 imply that the unanimity rule is uniquely bad for large juries. A second conclusion that can be drawn from Proposition 2 is that under non-unanimous rules the size of a jury is more important in determining the probability of making a mistake in the verdict than the voting rule. Therefore, if the probability an innocent defendant is convicted is considered to be too large, then the natural remedy is to …x a rule, say 2/3 majority, and then increase the size of the jury to the appropriate level.
In the next section we provide examples which indicate that convergence is fast and hence our limit results are indeed relevant for relatively small juries.
Example
In the following we consider 12 person jury. We set the parameter for reasonable doubt at q = 0:90; i.e., jurors need to believe that the defendant is guilty with probability 0:9 in order to convict. We assume that p = 0:8, i.e., the probability of receiving a guilty signal if the defendant is guilty is 0:8.
The probability of convicting an innocent defendant, l I (k); is given by
is the probability that any juror votes for conviction if the defendant is innocent. Similarly, the probability of acquitting a guilty defendant, l G (k); is given by
This is an immediate consequence of the law of large numbers. Table 1 gives the probability of making mistakes as a function of the rulê k whenk¸7 : Table 1 Atk = 7 sincere voting is the equilibrium. Thus every juror who receives a signal g votes to convict and every juror who receives a signal i votes to acquit.. For allk > 7 the jurors who receive the signal i mix between voting to convict and voting to acquit while those who receive signal g always vote to convict.
As the table shows, unanimity has the largest probability of convicting an innocent defendant whenk¸7. In addition, all rulesk¸7 have the property that they lead to a lower probability of acquitting a guilty defendant.
The next table shows the probability of making an error fork < 7 : Table 2 Fork · 6 the equilibrium strategies are such that a juror who receives the signal i always votes to acquit while a juror who receives the signal g mixes between voting to convict and voting to acquit. Fork = 1 the defendant is never convicted, i.e., l G = 1: To see why this is the case suppose that no juror ever votes to convict. In this case, each juror is always pivotal since one guilty vote is enough for a conviction. But this implies that the only information the juror has conditional on his vote being pivotal is his own signal. Conditional on having received signal g the juror believes that the defendant is guilty with probability 0:8: Since the reasonable doubt threshold is 0:9 each juror votes to acquit. The probability of convicting an innocent defendant reaches a maximum atk = 3 while the probability of acquitting a guilty defendant is monotonically decreasing fork · 6 and the probability of convicting an innocent defendant is zero atk = 1:
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Taken together our results raise serious questions about the appropriateness of the unanimity rule. Unanimity rule results in a strictly positive probability both of acquitting the guilty and convicting the innocent even in the limit. Increasing the size of the jury does not help, it may actually increase the probability of a mistake. Unanimity rule is almost never optimal from the perspective of the jurors. Finally, given even modestly large juries unanimity rule is uniquely inferior to a variety of other rules.
Conclusion
We have demonstrated that strategic behavior dramatically alters our intuitions about the consequences of jury voting rules. It is appropriate to conclude with a note of caution. We remind readers that our results depend upon the twin assumptions of private information and strategic voting. The degree to which either of these assumptions characterizes actual juries is ultimately an empirical question and, therefore, beyond the scope of this paper.
For example, consider an alternative model in which jurors are not privately informed and all the information is common knowledge. Suppose further that jurors di¤er in their threshold for reasonable doubt. In such a setting, the unanimity rule implies that the juror with the highest threshold must be convinced. Any other rule would only serve to lower the threshold for conviction. Thus, the assumption of private information is essential for our conclusions.
The note of caution is appropriate because jury reform is not an abstract proposition. In California a group calling itself "Citizens for a Safer California" is sponsoring the "Public Safety Protection Act of 1996". This act would eliminate the requirement of unanimous jury verdicts in all but capital murder cases and replace it with a rule requiring only 10 of 12 jurors to con-19 In this case, conditional on a vote being pivotal the juror knows that all other jurors have voted to acquit. In equilibrium this can never be information in favor of the guilt of the defendant. If the juror receives a guilty signal he therefore believes the defendant to be guilty with probability at most p: Since p < q the juror votes to acquit.
vict.
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The jury reform proposal enjoys the support of the current governor of California, Pete Wilson, as well as presidential candidate Lamar Alexander. 21 Clearly, our results lend some support to such initiatives. On the other hand, our results suggest that retaining the unanimity rule in capital cases is exactly the wrong thing to do. Presumably, the motive for retaining unanimity rule in capital cases is to protect against the terrible consequences of convicting an innocent. If our model is correct it would be better to combine a super-majority rule with a larger jury for cases in which it is desirable to reduce the probability of convicting an innocent.
The Citizens for a Safer California claim that a "broad coalition of crime victims, law enforcement and concerned citizens" support the Public Safety Act of 1996. They also claim that in independent poll showed that 71% of Californians support 10:2 jury verdicts. From material downloaded from the internet at http://taren.ns.net/cdaa.htm.
21
See Kinley (1996) and a press release by the Alexander campaign reported at the PoliticsNow web site (http://politicsusa.com/ PoliticsUSA/campaign96/candidates/ lamar/1019la02.html.cgi).
Appendix A
We now show that
We use the following facts:
and, given f 2 (0; 1)
>From (6) we know
Some simple algebra shows that
and from (5) we get
We can use an identical argument using (6) to establish that
5 Appendix B
First we compute the equilibrium for a generalk: Denote the probability that a juror votes to convict in state I as
and the probability that a juror votes to convict in state G as
When 1 > ¾ i we must have
with equality holding if 1 > ¾ i > 0: Similarly, when ¾ g > 0 it must be true that 1
with equality holding if 1 > ¾ g > 0:
Since p > 1=2 we can rewrite (7) as
which implies ¾ i = 0: Thus, in any responsive equilibrium we must have either ¾ i = 0 and ¾ g > 0 or ¾ i < 1 and ¾ g = 1: If
then the unique responsive voting equilibrium is ¾ i = 0 and ¾ g = 1: (Recall that a voting equilibrium is a symmetric Nash equilibrium). To see why this is the unique responsive voting equilibrium observe that the left hand side of Equation (7) is strictly decreasing in ¾ i . Together with (9) this implies that whenever ¾ i > 0 (and ¾ g = 1) every voter has a strict incentive to vote to acquit. Similarly, the left hand side of Equation (8) is strictly decreasing in ¾ g . This together with (10) implies that whenever ¾ g < 1 (and ¾ i = 0) every voter has a strict incentive to vote to convict.
If one of the conditions (9) or (10) does not hold then there are two cases to consider.
Case 1: Suppose
then ¾ i = 0 is the equilibrium and the equilibrium condition for ¾ g is de…ned by (8) with equality holding. This yields
which we can rewrite
Therefore we get
This yields
Clearly, since ¾ g is the unique solution of (8) in this case, there is a unique responsive voting equilibrium in this case.
Case 2: Suppose
In this case ¾ g = 1 and the equilibrium condition is given by:
· q with equality holding whenever ¾ i 2 (0; 1): A straightforward calculation shows that for an interior solution in this case
Again, since ¾ i is the unique solution of 7 in this case, there is a unique responsive voting equilibrium in this case.
Whenever ¾ i as de…ned by the previous two equations is less than zero then ¾ i = 0 and whenever ¾ i as de…ned by the previous two equations is larger than 1 then ¾ i = 1:
Proof of Proposition 2 First we demonstrate that for su¢ciently large n there exists a responsive voting equilibrium. To see this we …rst compute the limit equilibrium as n ! 1 for the case wherek=n = ®: In case 2 we have
where
and therefore we have
It is easily checked that ¾ i¸0 for ®¸1=2 with ¾ i ! 1 as ® ! 1: Similarly, in case 1 we have that
and again it can easily be checked that 0 < ¾ g · 1 for 0 < ® · 1=2 with ¾ g ! 0 as ® ! 0: Together this implies that for any 0 < ® < 1 there is a responsive limit equilibrium. Now a simple continuity argument implies that for su¢ciently large n the solution to equations (7) and (8) must be arbitrarily close to the limit solution and hence it follows that for su¢ciently large n there is a responsive voting equilibrium.
To prove part (2) of Proposition 2 observe that in the limit as n ! 1 we have that
Note that for 0 < ® < 1 this implies that
for some " > 0 which depends on ®:
Next we show that g I < ® < g G :
To see why this is su¢cient to prove proposition 2 note that by the law of large numbers the actual share of guilty votes converges to the expected share of guilty votes in each state. Hence the share of guilty votes if the defendant is innocent converges to g I < ® in probability and hence the defendant is acquitted with probability close to one for large n. Similarly, if the defendant is guilty the share of guilty votes converges to g G > ® in probability and hence the defendant is convicted with probability close to one for large n.
Suppose (12) 
(where g ns denotes the equilibrium probability of a guilty vote in state s with n jurors). Note that
is a single peaked function of x with a maximum at x = ®: If g G > g I¸® ; then
and so the left hand side of (13) must converge to zero as n ! 1 and hence inequality (13) cannot hold. An analogous argument can be made if ®¸g G > g I :
